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MULTIPHASE VOLUME AND FLOW TEST
INSTRUMENT |

BACKGROUND OF THE INVENTION
1. Field of the Invention |
ThlS invention relates to an apparatus and method for
-_ measunng the relative volumes of the various phases
present in a multiphase stream, and, more particularly,

to an improved apparatus and method capable of
qutcldy and reliably determining the relative amounts of

‘the various phases found in a multtphase stream, such as

a stream of petroleum produced from an oil and gas |
' 15

well.
2. Descrlptlon of the Related Art

It is often important to have a quick and reliable

- quantltatwe indication of the relative amounts of the
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ated remotely and/ or automatically thhout the need

~ for on-site field crew intervention.

s
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In an alternative embodiment of the present inven- .
tion, a new and improved apparatus 1S provrded which
can also measure the flow rate in addition to determin-

_ing the relative amounts of the vanous phases present in
“the fluid. |

Ina preferred embodiment of the present mventlon,

“test section of pipe of a desired length is provided, ori- '_ ' -
ented substantially vertically, and connected at opposite

ends to spaced positions of pipe carrying the well fluid

- production. A plurality of valves, one at each connec-

~ tion, are prowded to quickly switch the flow path from

the main pipe to the test section. Once the flow path
" flmid has filled the test section, the valves can again be
actuated to restore flow through the main pipe, while

. retaining a sample of the multlphase fluid in the test

various phases present in a stream contaim'ng multiple

phases Such streams are often encountered in a refinery
or chemical plant. Without in any way limiting the
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- application of the present invention, it is suggested that
apphcatlon of the present invention is of special benefit

in the context of the production of petroleum from oil

and gas wells. |
Produced petroleum streams typlcally contain multl-
ple phases Prior to its productlon to the surface, petro-
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leum in the reservoir contains varying amounts of dis-

- solved gas. This gas separates from the liquid when the.

petroleum is brought to the surface and the. pressure 1S 30

released. A significant fraction of production wells, in

addition, produce varying amounts of water at certain

stages during their production lives. Thus, the typical

oil well produces a stream which is made up of two or

- even three phases.
Without unduly elaboratlng on well known reservoir
‘engineering principles, it is generally aeoepted that

35 _
 at the oil-gas interface. Similarly, a float havmg a den-

section. | _
The ﬂmds in the test section are al]owed to sett]e or o
stand for a period of time sufficient to allow the fluid

_phases present to disengage and form distinct interfaces.

In some situations, it may not be necessary to form a

distinct mterface, as is discussed below. It may also in
‘some cases be necessary to aid the separation process by

introducing chemical agents which tend to break up any
emulsions present and lead to the rapid formation of
distinct phases.

‘A plurality or sultable number of buoyant bodies, or
ﬂoats, are present in the test section. The floats are each
of a densrty intermediate between the densities of the
various fluid phases expected The floats tend to float -

to, and stabilize at, the interfaces between the various =

phases. Thus, for example, a float having a density inter-
mediate between that of oil and that of gas will stabilize

~sity intermediate between that of oil and that of water |

knowledge of the relative amounts of the various fluid -

~ phases, often expressed as the gas-oil-ratio (GOR) or
‘water-oil-ratio (WOR), is often crucial to understanding
a well. This knowledge is also one of the keys to deci-
sions intended to optimize the commercial value of the
well and reservoir from which the well is producmg
Knowledge of the relative amounts of the various

phases can be obtained by observmg the amount of

~ water, oil and gas phases in a holding tank into which

ever, in typical operations, a number of nearby wells

~may be routed to the same tank, making it unfeasible to

determine the relative amounts of the phases of the
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will stabilize at the oil-water interface. o
In some situations, if the floats are of the prOper .
shape, size, density and the like, they can find an equilib-
rium position that is the same as the position they would
find at an actual interface. This may be a mean density,

- or it may be empirically detertmned for any partlcular ;_
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~ the produetton of the well is routed for storage. How-

50

individual wells. Often also, well production from sur-

roundmg wells is piped directly into a field plant which

again makes it unfeasible to gauge the performance of
an individual well. - - |

~ There has long been a need for an instrument or appa-

site of an operating well which would be able to period-

" ically measure the relative amounts of the various fluid

phases present.
~ SUMMARY OF THE INVENTION

Brleﬂy, the present invention provides a new and
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| * ratus which could be installed in the field on or near the

pair of places.
Once the floats have stabﬂlzed at or near the inter-
faces the position of the various floats in the test section
can be ascertained. The position of the floats in the test
section is an indication of the interfaces. The interface

position, taken with known geometry of the test section
‘readily ylelds an indication of the relative amounts of
the various phases. The position of the floats can be
determined in a number of ways. One such method

~involves the inclusion of magnetic materials in the float.

Passing a pick up colil along the outside of a preferably

non-magnetic test section yields an indication of the

position of the floats, particularly if the test plpe 1S made |

 of a non-magnetic material.

unproved ‘apparatus or instrument for measuring the

‘relative amounts of the various phases present in a pe-

troleum well production stream. An apparatus accord-

. ing to the present invention is rugged so as to withstand
- the harsh environment often encountered in an oil ﬁeld N

- with little or no maintenance, and which can be oper-
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In another embodiment of the present mventton a
piston is also prowded to measure the flow rate of the
multiphase fluid in addition to determining the relative
amounts.of the various phases using the floats. The flow

of fluid into the test pipe causes the piston to move

through the test pipe. The time from the start of motion
by the piston until arrival at a predetermined spaced
point in the test section is measured, yielding for a

known geometry of test pipe the total flow rate. The

relative amounts of the phases are determined as in the -
- previously summarized embodiment, giving, in addition
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to the total flow rate; the absolute flow rates of the
various phases.

It may not always be necessary to allow the fluids to
settle or stand for a period of time sufficient to allow the
fluid phases present to disengage and form distinct in-
terfaces. It bears pointing out that under some circum-
stances, floats of the proper size, shape, and density
would locate themselves in their final equilibrium posi-

tion even prior to, or even in the absence of, the forma-

tion of distinct interfaces. The optimal float density may
be the mean density of the two fluid constituents or it
may be determined empirically for various fluid pairs of
- 1nterest.

One advantage of the present invention is that, unlike
previously known methods, the measurement of the
relative amounts of the phases (or the absolute flows of
the phases in the case of the alternative embodiment)
can be separately determined for each well of interest.

Another advantage of the present invention is that
the determination can be conducted remotely and auto-
matically, without the need for on-site field crew inter-
vention.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 11s a schematic diagram, partly in cross-section,
of a first embodiment of the present invention.

FIG. 2A i1s a schematic diagram, partly in cross-sec-
tion of an alternative embodiment of the present inven-
tion at the start of an operating cycle.

FIG. 2B is a schematic diagram, partly in cross-sec-
tion, of the embodiment of FIG. 2A at the conclusion of
a flow measuring cycle.

FIG. 3 is an elevation view of a float usable in the
apparatus of FIGS. 1, 2A and 2B.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the drawings, an apparatus A according to the
present invention is shown in FIG. 1. Flow of a stream,
usually containing petroleum (oil and/or gas) occurs
normally vertically through a main pipe 10 between an
inlet pipe 6 and an outlet pipe 8. At certain intervals,
automatically set and/or upon remote activation, a
valve actuator 12 is activated so as to simultaneously
rotate both an inlet valve 14 between inlet pipe 6 and
main pipe 10 and an outlet valve 16 connected to main
pipe 10. Rotation of the valves 14 and 16 diverts flow
from the main pipe 10 into a test section 18 which is
substantially vertically oriented and whlch can be of
any desired or Optlmal geometry.

Flow of the stream is allowed to proceed through the
test section 18 for a period of time at least sufficient to
completely displace the test section 18. Subsequently,
the valve actuator 12 is again activated. The valves 14
and 16 are then reversed in position, stream flow to
revert to its usual route through the main pipe 10. This
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actuation of the valves 14 and 16 traps an amount of

fluids in the test section 18. These trapped fluids are
then used to determine the relative amount of the vari-
ous fluid phases present in the main pipe 10.
Permanently present in the test section 18 are one or
more floats (FIG. 3). The number of floats used should
equal the number of phases expected less one, i.e. should
equal the number of interfaces to be expected in the
stream being measured. For example, if a well is pro-
ducing oil, gas and water, two floats should be used. If
only oil and gas are expected, a single float will suffice.
In the description which follows it is assumed that three
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phases are present. It is clear that the present invention
can just as readily be applied when fewer or more than
three phases are present.

A lower float 20 is designed to locate itself at a posi--
tion representing the oil-water interface between these
fluids in test section 18. To this end, the lower float 20
has an overall density intermediate between the densi-
tites of water and oil. Similarly, an upper float 22 is
designed to locate itself at the oil-gas interface between
these fluids in test section 18. To this end, the upper
float 22 has an overall density intermediate between the
densities of oil and gas. |

The floats can be made of any convenient material
and can assume any convenient shape. One of many
possible shapes for the lower float 20 and upper float 22
i1s shown in FIG. 3 wherein most of the volume is lo-
cated in the float body 28 toward the central portion of
the float. Vanes 30 are used to centralize and stabilize
the float during movement inside the test section 18.
Another possible arrangement for the float (not shown)
would place most of the volume on the outside, leaving
a hole in the center, through which flow could pass.

One advantage of the float configuration shown in
FIG. 3 1s a lowered tendency of the float to become
stuck to the side of the test section 18 as a result of the
trapping of solids between the periphery of the float 20
and the internal walls of the test section 18.

Also shown in FIG. 1 is a float retainer or screen 24
near the top of the test section 18. The float retainer 24
is designed to retain the floats while the test section 18
1s 1n full flow mode prior to the actuation of the valves
14 and 16 to trap fluids in the test section 18. During the
full flow mode the floats 20 and 22 are forced by flow
stream pressure against the float retainer 24. The shape
of the floats 20 and 22 facilitates the flow of fluids in the
test section 18. The fluids pass between the centralizing
vanes 30 and past the test section float retainer or screen
24 leaving the system through the outlet valve 16. The
float retainer or screen 24 is preferably constructed so
that a central solid portion is attached to the inside walls
with the aid of a number of vanes. While the solid cen-
tral portion of the retainer or screen 24 serves to block
the passage of the float, the fluids are able to flow
through the spaces between the vanes near the periph-
ery of the test section 18. |

It may occur that the fluids to be measured form
emulsions. This can occur either naturally or can be
induced by the turbulent flow conditions encountered
in the pipe. These emulsions may exhibit high stability
and thus resist rapid separation into distinct phases.
Such behavior may reduce the reliability of the mea-
surement of the relative amounts of the various phases.
It may be desirable in using the apparatus of the present
invention on certain petroleum fluids, to use a chemical
additive, such as a de-emulsifier, to break up the emul-
sion and bring about the rapid formation of distinct
phases with clear interfaces. The additive may be added
from a de-emulsifier vessel 40 connected to the test
section 18. The mixing produced by the turbulence
inside the test pipe 18 should be sufficient to assure
rapid and thorough mixing of the de-emulsifier in the
fluids. Alternative mixers (not shown) may be used to
augment the mixing.

Other means may be used to break up any emulsions
which may be present. For example, acoustic or electri-
cal means, as is known, may effectively break up emul-
sions.
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Once the test section 18 is sealed by valve rotator 12
changmg the position of the valves 14 and 16 and fluid

- flow is resumed through the main pipe 10, sufficient

5.251.488

FIGS 2A and 2B is able to measare the overall flow
- rate in main pipe 10. A movable, at least partially mag-
netic, piston 50 is provrded in test section above the

time is allowed to elapse so as to assure that the phases
present will separate sufﬁcrently that the positions of 5

 the floats accurately represent the volumes of the pha-
ses.- As described, the test pipe section 18 is oriented
- substantially vertically so as to take advantage of gravi-

- ~ tational forces in separating the phases. As will be ap-

-parent to those skilled in the art, other equivalent tech-

niques may be used. For example, the test section 18

6

floats 22. At rest, piston 50 is located at a starting posi-

tion near the bottom of the test section 18. The testing
sequence is started by switching the produc:tmn flow

~ valves 14 and 16 so that the full flow is passed through .

~ the test section 18. This flow causes the piston 50 to rise

10

~could be located in a centrifuge which will bring about

- phase separation w1thout relymg on gravitational
forces.

- The position of the interfaces as mdlcated by the

| pOSlthIl of the floats can now be detected. A number of
~ ways of detecting the position of the floats will readily
~occur to those skilled in the art. Wrthout In any way
. limiting the scope of the present invention, several

~ only. |
~ Inone example, the centrahz.lng vanes 30 of the ﬂoat

“would be made of material which either is, or which
- contains, magnetic material having sufficiently strong
magnetlc fields so as to penetrate the nonmagnetic cas-

' ing of the test section 18. After float stability has been
~achieved, a sensor or detector 26, such as a toroidal

~ inductive coil is passed along the outside of the test

- methods will be brleﬂy dlscussed by way of example _Z202_

in the test section 18. The piston 50 subsequently
reaches an arrival location in an upper point of test
section 18 at which the sensor 26 is initially located.

" The arrival of the magnetic piston 50 at the sensor 26

~causes an electric current to be mduced in the sensor 26.

~ At this time, valves 14 and 16 are activated to rapidly
15
the time at whlch__t_he piston 50 reaches_ the sensor 26 is
recorded and subtracted from the time the sequence

resume flow through the main pipe 10. Slmultaneously,

was started. This time difference gives the amount of
time it took the piston 50 to rise from its rest position to

the location of the sensor 26 near the top of the test
~section 18. The measured time of travel, together with

the known travel distance based on the geometry of test -

- section 18, is then used to determine the overall flow
‘rate.

25 _
~ floats 20 and 22 to stabilize at positions representative of

Sufficient ttme is allewed to elapse SO as to allow the

the phase interfaces. The location of the phase inter-

" faces is then determined in the same manner as the em-

section 18. The coil or coils of detector 26 are moved

~along the outside of the test section 18 wrth the aid of a
suitable transport mechanism with posmon indicator

(not shown). As the moving detector 26 passes the mag-

- netic signatures are sensed. The position indicator is
- then capable of recording the location of the sensor 26

30

o ‘netic material of the floats 20 and 22, perceptlble mag-

35

when the signatures occur. The location readings can

then be connected to a srgnal processor or computer

‘bodiment of FIG. 1. It should be noted that the floats of
the embodiment in FIGS. 2A and 2B can be similar to
‘those used in FIG. 1. Alternatively, the floats can be of
a wide range of shapes and conﬁguratlons Because

flow is redirected to the main pipe 10 as soon as the

plston 50 arrives at the sensor 26, the float retainer 24
used in the basic embodiment can be eliminated, as it is

- unnecessary. The configuration of the floats of the alter- '

~ native configuration thus can take on vrrtually any con--

With such a computer, one can determine, based on the

. _known geometry of test pipe 18 and the readings of

“sensor 26, the location of the interface fo a volume or
volume fraction of the various phases. The results of the

40

venient configuration.
Once the posrtlon of the floats has been determrned

the piston 50 is returned to its. engmal position near the '

- bottom of the test pipe 18 by opening a bottom auxiliary

- determination are thereafter available to remote moni-

neers on demand. |
- Another means for detectmg the location of the Inter-

faces would include using radiation sources on the ﬂoats:

and radiation detectors on the outside of the test pipe.

- toring facilities for recordtng and/or to processing engi-

45

va]ve 52 and a_t0p auxiliary valve 54 m test section 18. -
A suitable fluid, such as water can then be pumped

~through the top auxiliary valve 54 into the test section
18 at sufficiently high pressures, exiting at bottom valve

52, to cause the piston 50 to return to its original posi-

~ tion near the bottom of the test section 18. The auxiliary

Yet another means involves using sonic devices to de-
~tect the location of the floats. Many additional tech-

niques for aceomphshlng the same ends will also be
apparent to those skilled in the art. For example, the

50.

location of the separated phases may be determined by

" methods not employing floats. Examples may include

ultrasonic techntques or techniques employing density
~ measurements via nuclear instrumentation or dlfferen—
“tial pressure transducers. |
~ Another apparatus A-1of the present invention (FIG

- 2A & 2B) 15 able to measure the total flow rate of the

55

stream in addition to the relative amounts of the various

~ phases. Knowing the total stream flow rate as well as

‘the relative amounts of the various phases makes it

- possible to determine the abso]ute flow rates of each of

the phases.
In the embodlment of FIGS. 2A. and 2B measure-

 ment of the relative amount of phases present occurs in

valves 52 and 54 are then closed, returning the appara-
tus A-1 to its initial pretest condltlon, ready for the next

-test CYC]E to commence.

The ability to measure both the ﬂow rate and the
relative volumes of the various phases automatically

 compensates for the “slip” of the gas phase with respect
‘to the liquid phase, i.e., the extent to which the gaseous

phase outruns the hquld phase. This is because the mea-
surement according to this embodiment of the present

invention involves sampling the production stream
using the same criteria as are used downstream, as at a

- storage or treatment vessel, when the phases are sepa-
0

rated and the amount of each phase per unit time is
measured for commercial and accounting purposes, .
In summary, therefore, it can be seen that the present

~ invention and the embodiments disclosed herein are
- well adapted to carry out the objectives set forth. Cer-

65

 a like manner to the embodiment of FIG. 1. Accord-

~ingly, like structure performing like functions bears like

- reference numerals In addition, the embodrment of

tain changes can be made in the method and apparatus
without departlng from the spirit and the scope of this

~ invention. It is realized that changes are possible and 1t -

is further intended that each element recited in any of
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the following claims is to be understood as referring to
all equivalent elements for accomplishing substantially
the same results in substantially the same or equivalent
manner. It is intended to cover the invention broadly in
whatever form its principles may be utilized. The pres-
ent invention is, therefore, well adapted to carry out the
objects and obtain the ends and advantages mentioned,
as well as others inherent therein.

- Those skilled in the art may find many variations and
adaptations thereof, and all such variations and adapta-
tions, falling within the true scope and spirit of appli-
cants’ invention, are intended to be covered thereby.

What is claimed is: |

1. An apparatus for determining volumetric flow

rates of phases in multiphase fluid flow through a main
pipe, comprising:

(a) a test section connected at spaced points to the
main pipe;

(b) switching means at spaced points of said test sec-
tion capable of directing fluid flow through said
test section or through the main pipe;

(c) a float inside said test section capable of locating at
least one interface between the fluid phases, and
whose position in said test section is capable of
being determined;

(d) a piston located at a starting position in said test
section and movable from said starting position by
the multiphase fluid flow in said test section;

(e) sensing means for detecting arrival of said piston
at an arrival location spaced from said starting
position 1n said test section and for determining the
location of said float in said test section.

2. The apparatus of claim 1, further comprising:

auxiliary valves at spaced positions in said test section
to permit movement of said piston to said starting
position 1n said test section from said arrival loca-
tion.

3. An apparatus as in claim 1, wherein said switching

means comprises simultaneously actuated valves.

5

8

4. An apparatus as in claim 1, wherein said sensing
means is a coil and said float contains magnetic material.

S. An apparatus as in claim 1, wherein said sensing
means 1s a radiation detector and said float contains
radioactive material.

6. An apparatus as in claim 1, wherein said float in-

- cludes a sonic emitter or reflector and wherein said -

10

135

sensing means is a sonic detector.
7. An apparatus as in claim 1, further comprising:
means for injecting a chemical additive into said test
section.
8. An apparatus as in claim 1 further comprising;:
means for introducing acoustical energy into said test
section. |
9. An apparatus as in claim 1 further comprising:
means for introducing electrical energy into said test
section.
10. A process for determining absolute volumetric
flow rate of phases in multiphase fluid flow through a

20 main pipe, comprising:
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(a) diverting the multiphase ﬂuld flow into a test
section connected at spaced points to the main
pipe;

(b) allowing a piston located in said test section to
move to an arrival location in said test section;
(c) measuring time elapsed from said diversion of the
multiphase fluid flow to said test section till the

reaching of said arrival location by said piston;

(d) determining the total flow rate using said mea-
sured elapsed time;

(e) allowing a float inside said test section to stabilize
at a position representative of an interface between
the multiphase fluids;

(f) detecting the location of said float;

(g) determining the relative volumes of the fluid pha-
ses based on said determined float locations; and

(h) determining the absolute phase flow rate of the

phases based on said measured elapsed times.
| * ¥ % x x
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